A high-performance liquid chromatography-diode array detector method (HPLC-DAD) was developed and validated for the determination of tramadol in human saliva. Samples of saliva were prepared utilizing liquid-liquid extraction with hexane-ethyl acetate (4:1, v/v). Propranolol was used as an internal standard (IS). The linear range and average recovery of tramadol were 0.25-4.00 µg/mL and 94.70%, respectively. The intra-and inter-assay precisions at low, intermediate and high concentrations were within 1.40-9.79 % and 0.77-3.98%, respectively. Intra-and inter-assay accuracies were within 98.50-107.13% and 100.44-103.89%, respectively. The proposed method was successfully applied to determine tramadol in saliva concentrations in three healthy volunteers for 24 hours after administration of 100 mg oral doses of tramadol.
Introduction
Screening and quantitative analysis of prescription medications as well as the more common drugs of abuse is part of any systematic toxicological analysis. Standard prescription medication drug test panels include tramadol. One of the major techniques used at present for such screening are HPLC-DAD [1] [2] [3] . While blood and urine are more commonly used for these test profiles, oral fluid (saliva) is increasing in popularity as an alternative matrix, due to its ease of collection, difficulty of adulteration and improving sensitivity of analytical techniques. This is due to saliva is less complex than blood, with fewer proteins, characteristics suggesting the possibility of successful measurement with limited sample preparation, such as dilution, protein precipitation, or centrifugation and direct injection [4] .
Tramadol hydrochloride (T), (±)-trans-2-[(dimethyl-amino) methyl]-1-(3-methoxyphenyl)cyclohexanol (Figure 1a ), is an opiate drug and centrally acting analgesic agent used in the treatment of moderate to severe pain [5] . The methods described for the determination of tramadol in biological samples involve gas chromatography (GC) with nitrogen-phosphorous detection [6] , flame ionization detection [7] or mass spectrometry (MS) [4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Methods involving liquid chromatography (LC) with ultraviolet [18] [19] [20] [21] , fluorescence [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] , electrochemical [34] , diode array [35] or MS detection [36] [37] [38] [39] [40] were also reported. However, there is no HPLC-DAD method for determination of tramadol in saliva. Therefore, the aim of the present work is to develop simple and sensitive analytical method for the determination of tramadol in saliva.
Experimental

Instrumentation and conditions
An Agilent technologies 1200 Series quaternary pump combined with an Agilent 1200 series photo diode array detector (USA), an Agilent 1200 series vacuum degasser (USA) and an Agilent autosampler injector. Chromatographic separation was performed on a Zorbax SB-C18 analytical column (250mm×4.6 mm, 5 µm) (USA) maintained at 25ºC. The mobile phase consisted of acetonitrile:buffer (0.01M potassium dihydrogenphosphate with the addition of 0.1% triethylamine adjusted to pH 5 with 0.1 M sodium hydroxide) (40:60, v/v) at a flow rate of 0.5 mL/min. The detector was set to scan from 200 to 800 nm and had a discrete channel set at 218 nm, which was the wavelength used for quantification.
Chemicals and reagents
Tramadol hydrochloride ( Figure 1a ) (purity >99%), propranolol hydrochloride (purity 98%) ( Figure 1b ) and diethyl ether (99% GC) were purchased from Fluka Chemie GmbH, Buchs (Switzerland). Acetonitrile (99.9%), Methanol (99.9%), ethyl acetate (99.7%), triethylamine (99%) and potassium dihydrogen phosphate (98-100.5%) were purchased from Sigma-aldrich (Germany). Hexane (96%) was purchased from Merck (Germany). Sodium hydroxide (99%) was purchased from Egyptian Co. for Chemicals and pharmaceuticals. Drug free saliva was obtained from human volunteers. Phosphate buffer (0.01 M) was prepared by dissolving 1.36 g (0.01 mol) of potassium dihydrogen phosphate in 1 liter deionised water.
Preparation of calibrators and controls
A stock solution of tramadol and propranolol, was prepared monthly at a concentration of 1mg/mL in methanol and kept stored Saliva standard solutions for the calibration curve (0.25, 0.50, 1.00, 1.50, 2.00 and 4.00 µg/mL) were made by a serial dilution of the intermediate solution with drug free human saliva. Quality control samples were prepared from a separate stock solution at concentrations of 0.75, 1.50 and 3.00 µg/mL
Extraction procedure
To 0.5 mL of saliva in a 5 mL polypropylene tube was added 50 µL of IS (5.00 µg/mL). After short, vigorous shaking 100 µL of 1M NaOH and 3 mL of hexane-ethyl acetate (4:1, v/v) were added. The tubes were then vortex mixed for 5 minutes and centrifuged at approximately 3000 rpm for 5 minutes. The organic layer was transferred to 5 mL glass tubes and evaporated to dryness in the speed vacuum concentrator. The dried extracts were reconstituted in 50 µL acetonitrile, vortex mixed for 30 seconds and 20 µL was injected into the HPLC system.
System suitability
System suitability was evaluated by equilibrate the HPLC system with the initial mobile phase composition, followed by five injections of the same standard. The system suitability parameters such as resolution (Rs), tailing factor (T) and theoretical plate number (N) were calculated by Agilent ChemStation Software for the HPLC system. The recommended values for Rs, N and T are ≥2, > 2000 and ≤ 2, respectively [41] .
Calibration carve, sensitivity and specificity
Linearity of the method was investigated by evaluation of the regression line and expresses by coefficient of determination (r 2 ). Six calibrators in the range of 0.25-4.00 µg/mL were included in each curve and were required to meet all qualitative identification and quantification criteria. Each calibrator was calculated against the linear regression curve. Linearity was achieved with a minimal r 2 of 0.99. Negative quality control samples were analyzed after each linearity sample to evaluate potential carry-over.
Sensitivity was evaluated by determining limits of detection (LOD)
and quantification (LOQ) for tramadol. The LOD was defined as signal-to-noise ratio ≥ 3 (determined by peak height) with satisfactory chromatography (peak shape and resolution) and acceptable retention time. The LOQ was defined as signal-to-noise ratio ≥ 10.
The specificity of the method was examined by analysis of blank saliva samples derived from six different human volunteers. The samples were worked up without addition of the internal standard.
Accuracy and precision
Inter-and intra-assay accuracy and precision data for tramadol were determined with the low, medium and high quality control samples (LQC, MQC and HQC). Intra-assay data were assessed by comparing data from within one run (n = 5) and inter-assay data were determined between three separate runs (n = 15). Accuracy, expressed as a percentage, was calculated by taking the difference between mean calculated concentrations and target concentrations, dividing by the calculated mean and multiplying by 100. Precision, expressed as percent relative standard deviation (%RSD), was determined by calculating the percent ratio of the standard deviation divided by the calculated mean concentration times 100.
Recovery, dilution integrity and extract stability
The recovery of the method determined at LQC, MQC and HQC (n = 4). Extraction recovery of tramadol were calculated by comparing peak areas obtained from processed quality control saliva samples with those achieved after direct injections of standard solutions at the equivalent concentrations.
Dilution integrity was investigated by diluting quality control sample (20.00µg/mL) with blank saliva. Four replicate samples of 1/10 dilution were prepared and their concentrations were calculated by applying the dilution factor of (× 10) against the freshly prepared calibration curve of tramadol.
Stability of extracts was evaluated over 24h. Extracted quality control samples were analyzed immediately after extraction, and reinjected and analyzed after 24h.
Application of the method
Three volunteers were included in this study. The study protocol was approved by the Ethics Committee of Sohag University Egypt and written informed consent was obtained from the volunteers. Volunteers were not allowed to take any other medication for 2 weeks before and throughout the study. The volunteers received a single oral dose of 100 mg tramaldol tablets. Saliva samples were collected into glass tubes at 2, 4, 6, 12,18 and 24 hours after drug administration. The samples were stored at -20ºC until analysis.
Results and Discussion
Optimisation of the chromatographic conditions
The chromatographic conditions were aimed at getting adequate response, sharp peak shape and a short run time per analysis for the analyte and IS. This included UV spectrophotometry, mobile phase selection, pH and flow rate. With regard to UV spectra, tramadol was found to absorb strongly between 200 and 220 nm and demonstrates a smaller peak at 273 nm [21] . The propranolol was found to absorb maximally between 210 and 230 nm and demonstrates a smaller peak at 290 nm. 218 nm was selected for the UV detection, that exhibit the best peak height for tramadol.
Different volume ratios of methanol-phosphate buffer and acetonitrile-phosphate buffer combinations at pH 7 were tested as mobile phase, It was observed that acetonitrile-0.01 M phosphate (40:60, v/v) as the most appropriate mobile phase for faster elution, peak shape and least band tailing.
The pH of the mobile phase was varied between a range of 2.0 and 7.0, where pH 6.0 or above produced band tailing and prolonged total run time. However, pH ≤ 3 the retention was dropped, hence affecting the resolution. Therefore, pH 5.0 was selected for the mobile phase, giving the best area count and resoultion for tramadol and IS.
Parameter of system suitability, Rs, N and T are summarized in Table 1 and were within the recommended values [41] .
Average retention times for tramadol and the internal standard were determined as 6.13±0.02 and 8.01±0.01 min, respectively (total run time of 10.00 min).
Propranolol has been used in the literature as internal standard for LC-MS/MS method for the extraction and quantification of tramadol and its main metabolite from plasma sample [36] . Thus, propranolol was tested as an internal standard which had similar chromatographic behavior and was easily extracted with hexane-ethyl acetate (4:1 v/v) in alkaline medium.
Specificity and sensitivity
Six different blank saliva specimens were analyzed to evaluate chromatographic interference. No interferences with analyte or internal standard peaks were detected. Representative chromatograms for blank saliva sample with no internal standard and fortified with internal standard are shown in (Figure 2) . The peaks for tramadol and IS were also investigated by photo-diode array detector and found to be pure (peak purity more than 999). The LOD and LOQ for tramadol were 0.1 and 0.25 µg/mL respectively.
Linearity
The calibration curves for tramadol were linear from 0.25 to 4.00 µg/mL with correlation coefficient r ≥ 0.997. The standard deviation values obtained for slope and intercept from three linearties was -0.004 and 0.001. Remarkably, the slopes of the three calibration curves were Table 2 ).
Precision, accuracy and recovery
The intra-assay precision and accuracy were evaluated in five replicate analyses for tramadol at three concentration levels LQC, MQC and HQC each on the same analytical run as described. The intra-and inter-assay precision was less than 10%. The proposed method was found to be reproducible. The detailed results for intra-and inter-assay accuracy and precision are given in Table 3 . Mean extraction recovery of tramadol and internal standard were 94.70 ±7.21 and 80.60 ±4.20 %, respectively.
Dilution integrity and extract stability
Six calibrators in the range of 0.25-4.00 µg/mL were included for calibration curve in the present study. With increasing the concentration of calibrators upper 4.00 µg/mL., the bis % was ≥ ±20%. Dilution integrity was tested to evaluate saliva concentration upper the high limit of quantification. Because some saliva samples collected from participants during first 2h were in the concentration of 5.00 µg/ mL, for this reason dilution integrity was evaluated. The mean backcalculated concentration for 1/10 dilution samples for tramadol was 106.00±0.13% of its nominal value and RSD was 6.06%. Stability of tramadol after extraction also was examined. Tramadol was stable, differing from sample injected immediately by less than 3% after 24 h.
Application of the method
The applicability of this method has been demonstrated by determination of the tramadol in saliva samples from three healthy volunteers receiving a single oral dose of 100 mg tramadol tablet. The method was sensitive enough to monitor their saliva concentration up to 24 h. Figure 3 represents the chromatogram of tramadol for the analysis of saliva sample obtained at 12 h from a volunteer who received a 100-mg tramadol tablet. The mean saliva concentration-time profile of tramadol for all participants is presented in (Figure 4) . 
Conclusion
A validated method for the detection and quantification of tramadol in human saliva is presented. Good linearity, LOQ, accuracy, precision, and recovery were demonstrated. The method is useful for the analysis of tramadol in saliva. 
